The Internet and related technologies have vastly expanded the number of products that can be profitably promoted and sold by online retailers. Huge assortments, though, are only beneficial for consumers if search technologies support them in browsing through the huge variety of products. In this paper we illustrate that search technologies can lead to additional consumption and substitution effects depending on the type of search technology applied. For the case of a video-on-demand portal, we can particularly recommend focusing on top lists and search tools since they lead to a considerable amount of additional consumption while recommendation systems lead primarily to substitution. However, retailers can also benefit from substitution if margins in niches are higher than for substituted blockbusters.
Introduction
The Internet and related technologies have vastly expanded the variety of products that can be profitably stocked, promoted and sold by online retailers (Brynjolfsson et al. 2006, pp. 67-71) . In addition, the Internet allows for implementing sales support systems that reduce consumers' search costs. As a result, online retailers offer considerably more products in their assortment than retailers in traditional sales channels. While a typical video rental store offers about 3,000 DVDs (Anderson 2006, p. 23) , the online rental store Netflix e.g. currently offers 100,000 titles (Netflix 2009 ). Consequently, niche products gain importance in online retailing. Thus, Brynjolfsson et al. (2003 Brynjolfsson et al. ( , pp. 1580 Brynjolfsson et al. ( -1596 report that books with a sales rank of less than 250,000 on Amazon.com still account for 29.3% of the total sales. Similar sales distributions can be observed at Netflix and Rhapsody (Anderson 2006, pp. 1-26 and p. 132) . This trend toward huge assortments is most evident for information goods, but similar trends can also be observed with regard to physical products, such as fashion goods (see e.g. otto.de).
Huge assortments, however, are only beneficial for consumers if their search for appropriate products is supported by tools which help them to identify products that fit to their preferences. Therefore, search and recommendation tools play a crucial role in e-commerce. In the following we distinguish between sales support systems, which customers can use actively for their search, and recommendation systems that independently recommend products on the basis of certain algorithms and data. We present a detailed classification in Sect. 2.
Search and recommendation systems can have two different consequences for sales: First, decreasing search costs can lead to higher sales based on additional consumption; second, there can also be a shift in demand from blockbusters to niche products and vice versa, so that substitution effects can be observed. These two different consequences (additional consumption and substitution) are of high importance for online retailers: While additional consumption always leads to higher sales and potentially to higher profits, substitution is only advantageous if a lowmargin product is substituted by a product with a higher profit margin. However, if providers know about margin differences between products, sales can systematically be shifted to more profitable products by appropriate search and recommendation tools. The basis for such a sales shift, however, is precise knowledge about how various search and recommendation tools affect sales.
Existing literature has particularly analyzed the impact of lower search costs in the Internet on retailer prices (Brynjolfsson et al. 2000; Bakos 1997; Ancarani 2002) . Recent studies have also focused on the effects of search technology on the sales distribution between blockbusters and niche products in online markets (Brynjolfsson et al. 2007; Fleder and Hosanagar 2009) . However, it has not yet been analyzed to what extent various search and recommendation systems influence sales distribution in different ways nor how they affect total sales.
The aim of this paper is to investigate the influence of different search cost reducing technologies on demand, thereby breaking down the change in sales into additional consumption and substitution. In doing so, the paper illustrates to what extent search and recommendation tools can be used to increase sales. We describe and classify existing search and recommendation systems, empirically analyze their impact on sales and derive recommendations regarding the implementation of search technology for a video-on-demand (VoD) provider.
The paper is structured as follows: First, we describe and classify systems that assist consumers in searching and selecting appropriate products. Subsequently, we illustrate the effect of decreasing search costs on the total sales volume and the distribution of sales across products. In Sect. 4, we examine the impact of various sales support systems on sales of a VoD provider 1 based on a Hotelling model and by using an agent-based simulation. Here we use real sales and experimental data to calibrate our simulation. In Sect. 5 we summarize our findings and conclude with implications for research and practice.
Reduction of Search Costs Through Sales Support Systems
Search costs are considered as costs that incur during the search for suitable products. These include explicit costs, e.g. for reaching a store, or implicit costs that incur as a result of the time required for searching the respective item.
Furthermore, opportunity costs emerge. Search costs also include the evaluation effort for a product before buying it: consumers try to determine the quality of products as well as the degree of compliance with their preferences on the basis of available information (Bakos 1997 (Bakos , p. 1678 . Search and recommendation systems aim to reduce these search costs for consumers. It is of importance whether search costs are equally reduced for all products or whether certain products are more favored by the search cost reduction than others. We use the latter distinction to classify search and recommendation systems in Sect. 2.2. In the next section we first provide a literature overview on the impact of search costs.
Search Costs
Bakos (1997, pp. 1676-1692) already discussed the potential of decreasing search costs through the Internet over 10 years ago. The author argues that search costs are much lower online than offline as the competitors are just one click away. Decreasing search costs are essentially seen responsible for improving market efficiency, implying a decreasing profit for the provider at the same time. However, the expectation of an emerging perfect market with one price has not been met (Clay et al. 2002) . A possible reason for this is that even online search costs are relatively high, as meanwhile has been frequently documented in literature: Brynjolfsson et al. (2004) show, based on ShopBot data, that the average search costs per product acquisition can be as high as 6.45 USD. Bajari and Hortacsu (2003) calculate the costs of participating in an online auction, consisting of both search costs and costs incurred for mental determination of the bid to be 3.20 USD per bid. A similar study by Hann and Terwiesch (2003) determined that search costs can vary across product categories from 3.54 EUR to 6.08 EUR per bid.
From microeconomics it is well known that search costs can have a significant impact on consumer behavior. Contributions by e.g. Stigler (1961, pp. 213-225) on the optimal search for information show that consumers search for a longer period if search costs are low and therefore they potentially find other products which better match their preferences. Thus, decreasing search costs can affect the welfare significantly (Wu et al. 2004) . Heterogeneous search costs are also one way to pursue price discrimination (Varian 1980; Hinz et al. 2010 ) as consumers with a higher willingness to pay usually have higher search costs (Tellis 1986, pp. 146-160) .
All results show that search costs can have a significant impact on consumer behavior and thus may also affect the market. In general, researchers argue on the grounds of on individual search costs of a consumer (e.g. Varian 1980; Spann et al. 2004) . Results by Hann and Terwiesch (2003) indicate, however, that search costs may vary depending on the product. Some products can be found more easily as they are e.g. advertised on the retailer's homepage, while others are hard to find.
The effort of search and consequently the amount of search costs largely depend on the opportunity costs of the seekers and can be reduced by the provider's technology. Therefore, it is not surprising that there can be considerable differences between the providers in terms of search costs. Thus, Ghose and Gu (2007, pp. 16-27) show that search costs vary widely even among online retailers and are significantly lower on Amazon.com than on Barnesandnoble.com. In addition, search costs can explain differences in the sales distribution between online and traditional offline sales channels (Brynjolfsson et al. 2007, pp. 16-27) . Brynjolfsson et al. (2007) find evidence that the sales concentration across products is significantly lower in online channels than in traditional sales channels, which means that demand is more evenly distributed across products on offer.
The last two mentioned papers focus on product-specific search costs, while consumer-individual search costs are neglected. We follow this approach. However, our results are independent of this assumption. We consider heterogeneous search costs for products. Therefore, search costs can be considered as product-specific costs that each consumer faces to locate a product.
Sales of a specific product thus essentially represent a function of the consumers' preferences and their chances to find this product. Sales support systems can help consumers by reducing search costs.
Fig. 1 Typical query form in online stores
Search technologies can be classified into two groups (Brynjolfsson et al. 2006, pp. 69-70) : systems in which the consumer actively searches for a product, and systems which independently recommend products to the consumer. In the following we explain the specific functionality, give examples from business practice, and analyze the impact on product-specific search costs.
Search Systems
Search costs are typically much higher in traditional sales channels than in online sales channels because it takes more time to browse shelves in a store in order to obtain an overview of the offered variety of products. In e-commerce, in contrast, the consumer can easily scan huge assortments with the help of search technology. Its simplest form are input text fields (see Fig. 1 ). There are further developments, such as "Recommendation Agent" and "Comparison Matrix" (see Häubl and Trifts 2000) .
It is common to all search systems that they are actively used by the consumer and search costs are generally reduced equally across all products.
Recommendation Systems
Recommendation systems operate on the basis of similarity metrics and determine product recommendations that might be attractive to the specific consumers. These systems analyze the product purchases in order to determine similarities (Ansari et al. 2000, pp. 363-375) . A distinction is made between the content-based approach, in which products with similar properties are proposed, and collaborative filtering (CF), where similar consumers are searched and recommendations are made based on behavioral patterns. Adomavicius and Tuzhilin (2005, pp. 734-749 ) present possible realizations of recommendation systems in detail, whereas Resnick and Varian (1997, pp. 56-58) highlight the economic consequences of recommendation systems.
As an example for recommendation systems based on similarities between products we refer to the example of one of the tools used by Amazon that recommends purchasing a bundle of two products. On the basis of CF, purchase decisions are compared across consumers after selecting a product and another product is recommended to the user by the words "Customers who bought this item also bought". Overall, Amazon uses at least seven different recommendation tools (Brynjolfsson et al. 2003 (Brynjolfsson et al. , p. 1581 .
According to Anderson (2006, pp. 52-57 and 122-124) recommendation systems shift demand from blockbusters away toward niches that better match consumer preferences. This result was also confirmed by the study of Fleder and Hosanagar (2009) . This effect of recommendation systems can be illustrated by the following example: Suppose that 90% of all consumers have a preference e.g. for the book "The Stand" by Stephen King, while 10% of all consumers prefer the book "Lost Symbol" by Dan Brown. If a recommendation system correctly analyses that a consumer belongs to the smaller segment and would prefer the book "Lost Symbol", then the system recommends the book "Lost Symbol" and the consumer will tend to buy this book. In the same situation without such an intelligent system the consumer would, based on probabilities, rather receive the recommendation to buy the book "The Stand" by Stephen King. Recommendation systems, therefore, lead to disproportionately reduced search costs for niches.
Hit Lists, Word-of-Mouth, Charts and Unpersonalized Advertising
However, in online stores also search technology is used that directs the focus of attention towards popular products and recommends blockbusters to the consumer. A familiar example are hit lists (charts) of the most sold products on the online providers' sites, such as music charts. In a similar way, unpersonalized advertising is used, which is generally deployed for products that can expect a large number of consumers. As a consequence, search costs for blockbusters are reduced, further supporting the consumption of blockbusters.
Again this can be illustrated by an example: Suppose two segments, in which 90% of all consumers in segment 1 have a preference for the book "The Stand" and 10% of all consumers in segment 2 have a preference for the book "Lost Symbol". If an uninformed consumer from segment 2 meets a consumer from segment 1 who uncritically recommends the book "The Stand" to him, the probability increases that the consumer from segment 2 actually buys this book although he would prefer the book "Lost Symbol". Customer evaluations at Amazon thus also account for this positive feedback loop unless it is clear from the commentary text to which segment the author belongs.
The Influence of Search and Recommendation Tools on Sales and the Sales Distribution of Products
In the following, we explain the effects of various search and recommendation tools on sales and the sales distribution across products. For both search and recommendation tools we assume a basic scenario in which the corresponding systems are not yet implemented. Then we graphically illustrate the consequences for sales that may result from the introduction of various search and recommendation systems with the help of sales distribution functions. A distinction is made between saturated and unsaturated markets. A market is called saturated if a sales maximum is reached. Companies in saturated markets can only increase sales Fig. 2 The influence of search systems on the total sales volume and sales distribution through product improvements and thus winning additional market share (Pizam 2005, p. 408) . The number of sold products in the market remains constant. In the following we neglect market share shifts. We consider the effects of various search and recommendation systems for the sales of a monopolistic supplier.
Without the ability to additionally acquire sales of other companies, in saturated markets sales changes are based on substitution as consumers cannot extend their sales to additional products as a result of existing consumption restrictions. Consumption restrictions may for example be budget constraints, time constraints, or demand restrictions. The latter is also summarized by Gossen's first law which describes the effect of diminishing marginal returns. The utility of a product decreases with an increased volume of consumption so that even without a budget and/or time restriction a saturation of the individual demand occurs.
In unsaturated markets, on the contrary, changes in sales as a result of search and recommendation tools may also be based on additional consumption, besides substitution. On the one hand, there may be substitution as consumers can now extend their search for suitable products in a cost-effective way. The latter can lead to products being localized that are more consistent with the preferences of the consumer than previously consumed products (Bakos 1997 (Bakos , pp. 1678 (Bakos -1684 . The ability of search and recommendation systems to reduce search costs, however, also allows consumers to find, assess, and finally buy additional products (Brynjolfsson et al. 2007, p. 2) , so that additional consumption occurs. In this case, the purchase of (additional) products is not hindered by high search costs. Consumers only search for further purchases if they expect a positive consumer surplus (see also Spann et al. 2004 ).
In the following we will examine the influence of both search and recommendation systems in two distinct scenarios: On the one hand, we outline changes in sales which are based on 100% additional consumption; on the other hand, we consider sales changes which are based on 100% substitution. The latter describes the influence of search and recommendation systems on sales in saturated markets, whereas we assume the occurrence of both effects "additional consumption" and "substitution" in unsaturated markets.
Influence of Decreasing Search Costs Due to Search Systems
Search systems, such as search filters, equally decrease search costs of all products in relative values. Blockbusters are usually easier to find (e.g. due to higher investments in advertising and favorable product placement) and therefore have lower search costs. Consequently, the reduction of search costs for niche products due to search systems amounts to higher absolute values compared to that of blockbusters.
Thus, niches should benefit to a greater extent from the additional consumption in an additional consumption scenario than blockbusters. This scenario is illustrated in the left part of Fig. 2 . On the abscissa, the products are plotted in descending order of their sales ranks. On the ordinate, we find the sales per product. The sales distribution function k 0 illustrates the sales distribution rate before the introduction of a search system, k 1 the resulting sales distribution after the introduction. The described scenario leads to an increased sales volume for the provider in each case, so that r j=1
holds, where r is the number of products sold. If only products are sold with a positive margin, the profit of the provider increases.
In the substitution scenario, demand of blockbuster products is shifted towards niches. The reason for this is again that search costs of niche products benefit stronger in absolute terms from a relative search cost reduction. Consumers, who only decided to buy blockbusters as a result of high search costs before the introduction of the search system will now change to niches, if they get a higher consumer surplus with niches. This scenario is illustrated in the right part of Fig. 2 . In case of mere substitution, the sales volume remains constant, so that r j=1
holds. In case of substitution effects the introduction of search systems may even have negative consequences for providers if the profit margin of the substitutes is lower than that of the previously sold products.
In saturated markets, where only substitution effects dominate, providers can only benefit from the introduction of search and recommendation systems if niche products have a higher margin than blockbusters.
In unsaturated markets a profitable introduction of a search system for the supplier is most likely as in addition to Fig. 3 The influence of recommendation systems on the total sales volume and sales distribution substitution there may also be additional consumption. Even in case of an unfavorable shift in demand from products with higher margins to lower margins, these negative consequences on the amount of sales can be offset by additional consumption. However, whether the introduction of a search system is profitable and if so, to what extent, depends on the extent to which demand changes are based on substitution and/or additional consumption and are dependent on the underlying differences in the products' profit margins.
For consumers, the introduction is beneficial in all cases. They benefit from an increased consumer surplus, either because additional needs can be met by additional consumption or because products are more in accordance with their preferences (substitution).
Influence of Decreasing Search Costs Due to Recommendation Systems
Improved search technology in the form of recommendation systems especially reduce search costs of niche products.
If we assume additional consumption, recommendation systems generate supplementary sales for niches products. Consumers can now achieve a positive consumer surplus with more products in the niches, and thus buy additional products. The left part of Fig. 3 illustrates this scenario.
In the substitution scenario mainly blockbusters, which generally have lower search costs (e.g. through higher investments in advertising and cheaper product placements), are replaced by niche products. Consumers, who prefer niche products but bought blockbusters before the introduction of the recommendation system due to high search cost, can now achieve a higher consumer surplus in the niches. The right part of Fig. 3 illustrates this scenario. The increased sales volume of the niches is at the expense of blockbusters, with the total sales volume remaining constant.
Whether recommendation systems are profitable for the provider again depends on the differences in the products' profit margins and the proportion of additional consumption and substitution. Providers in a saturated market can only benefit if they can achieve a higher margin with niche products. Providers in unsaturated markets should benefit from the introduction of these systems as in addition to substitution also further consumption may occur.
For consumers, the introduction of a recommendation system is beneficial in any case as they can increase their consumer surplus. However, the gain in consumer surplus should be lower than due to an introduction of search systems since primarily search costs of niches and not of all products are reduced.
Influence of Decreasing Search Costs Through Hit Lists and Charts
The use of search technology in terms of hit lists and charts can lead to reduced search costs for blockbusters resulting in an increased sales volume for blockbusters. In this case, the additional sales of blockbusters can have two consequences: If the additional sales volume is not at the expense of other products, we can state pure additional consumption, as shown in the left part of Fig. 4 . However, if additional sales are driven by a decline in sales for niches, this means substitution, as illustrated in the right part of Fig. 4 .
As with the introduction of search and recommendation systems, whether the implementation of hit lists and charts is profitable for the provider again depends on the differences in profit margin in the case of pure substitution for saturated markets and also on the share of additional consumption and substitution for providers in saturated markets.
For consumers, the introduction is advantageous again as the customers' needs are better met resulting in an increased consumer surplus.
Section 3.4 summarizes the results. Table 1 provides an overview of the extent to which the considered search and recommendation tools influence sales volume, the demand distribution across products as well as consumer and producer surplus. While search and recommendation systems particularly support the demand in niches, hit lists and charts lead to the opposite effect by promoting sales of blockbusters. Our results also show that the introduction of search and recommendation systems always lead to an increase in consumer surplus independently of substitution and additional consumption. Consumers can either satisfy additional demand with extra niches or blockbusters or switch to products that better match their preferences. Providers facing a saturated market and therefore pure substitution can only benefit from the introduction of search technology if it enables them to shift sales to products with higher profit margins than those of the substituted products. The introduction of search and recommendation systems is more promising in unsaturated Fig. 4 The influence of hit lists and charts on their total sales volume and sales distribution markets. In addition to substitution sales changes may also be based on additional consumption in such markets. Assuming that only products with a positive contribution margin are sold, additional consumption always leads to additional profit.
Overview of the Influence of Search and Recommendation Systems
In the next chapter, we first present a microeconomic model that represents consumers' search and purchase behavior. Subsequently, we analyze the influence of different search technologies on sales of a VoD provider by means of an agent-based simulation. In doing so, we illustrate the influence of sales support systems on total sales and the demand distribution across products.
We assume an unsaturated market. This allows us to analyze the potential of search and recommendation systems in terms of a shift in demand with underlying substitution effects, but also to draw conclusions concerning their potential to generate additional consumption. The focus of our study on unsaturated markets is also determined by the available sales data: to calibrate our model we use sales data of a VoD provider. The VoD market, as all markets whose products are primarily aimed at leisure activities of consumers, has to be considered as unsaturated as the consumption can easily be expanded at the expense of alternative leisure activities (Kamakura 2009 ). Although the latter also constitutes a form of substitution, substitution here occurs across markets and not within one market.
Model and Empirical Analysis

Structure
In the simulation we assume a monopolistic provider who does not use search and recommendation system in an initial scenario. The provider then implements several search and recommendation tools in further scenarios.
The utility for consumers consists of a deterministic and a stochastic component (Thurstone 1927, pp. 273-286) which reflects the uncertainty about the utility generated by a product before the purchase. After the purchase, the stochastic component of the utility decreases to 0 as the consumer knows its exact value through consumption. This phenomenon occurs specifically in case of information goods and is also known as Arrow's impossibility theorem (Arrow 1962) .
The impact of varying search costs on demand is represented with the help of a Hotelling model (Hotelling 1929, pp. 41-57) . It is assumed that consumers are equally positioned between 0 and 1 according to their preferences. The horizontally differentiated products on the market are also uniformly distributed between 0 and 1. Fig. 5 illustrates the positioning of products and consumers on the Hotelling line.
The smaller the gap between product and the consumer's position, the more likely the product complies with the consumer's preferences. We use the CityBlock model to calculate the distance (Leunga and Lau 2004, pp. 518-524). Apart from the distance between product and consumer, the utility of the product "j" is reduced by its price, which is assumed to be identical for all products. It is also assumed that search costs are homogeneous for all consumers. However, search costs may vary in dependence of the product. This takes into account that niche products involve higher search costs compared to mass market products. It is assumed that consumers have knowledge about the amount of search costs that result from looking for a product.
We consider various purchase occasions. Repeated purchases of the same product by a consumer are not considered. This means, the utility of a product "j" is zero for consumer "i" after the purchase of product "j" by consumer "i". In order to account for a consumer saturation level, budget constraints, or time constraints, the utility resulting from purchasing the product decreases with the number of previous purchases. It is assumed that the utility decreases linearly with an increasing number of purchases. Formally, a utility function of the following form results:
with: u i,j,t : utility of product j for con- J: index set of products; T: index set of purchase occasions (= observation period). Consumers do not buy more than one product per purchase occasion and opt for the product generating the highest utility. Consumers buy as long as there are products that generate a positive utility.
Consumers are simulated by agents who maximize their utility according to the above described model. Thus, we follow the recommendation of Tesfatsion (2002, pp. 55-82) stating that markets can be built up according to the bottomup principle particularly well if the individual behavior can be accurately modeled. The simulation was developed using C# within the .NET Framework.
In the simulation, we consider the influence of both search and recommendation systems and of hit lists and charts, and thus account for the influence of search costs on sales volume: First, we develop a realistic basic scenario calibrated with actual sales data. Afterwards, we consider four possible scenarios to analyze the impact of sales support systems through changing search costs on demand. Consumers are held constant across all four scenarios by using common random numbers (CRN) (see for example Nelson and Matejcik 1995 , pp. 1935 -1945 , leading to a reduction of variance on scenarios. A total of 50 replications are carried out with each drawing new consumers and products from the above mentioned distributions. The aim of this study is to identify the consequences of the implementation of sales support systems on the demand distribution across products and to break down demand changes in additional consumption and substitution.
Calibration of the Simulation
To calibrate our simulation, we draw on sales data from the leading German video-on-demand provider from December 2004 until August 2007, who may be considered as a quasi-monopolist within that period. In the period under consideration, 1,007,168 sales could be observed. Since there is no contractual relationship with the consumers, the calculation of the number of active customers is not trivial. We make use of an approach proposed by Reinartz and Kumar (2000, pp. 17-35) which results in a customer number of 15,411 for the given period (about 2 1 2 years). This means that each customer downloaded about 65 movies in the entire period, i.e. about 24 movies per year. The average assortment size is 789 movies. Thus, 15,411 agents are created, also being uniformly distributed on the Hotelling line and thus having heterogeneous preferences for the offered 789 movies.
The prices of movies in our dataset are on a range of 0.49 EUR to 5.99 EUR. Three out of four prices range between 2.95 EUR and 4 EUR. The average price is 2.91 EUR. Therefore, for the sake of simplicity we assume a price p = 3.00 EUR for all movies. Based on intensive industry research we assume average costs for one sold movies of 1.30 EUR for the company. This includes both streaming costs (approximately 10% of the total costs) as well as substantial license costs. Recent movies are usually more expensive than older ones, but license costs only vary by about 5% according to the industry research. Thus, the profit margin per movie download is 1.70 EUR. Therefore, all purchases generate profit. This means that additional consumption leads to a direct increase in profit for the provider.
To exclusively analyze the influence of different search cost technologies we set the parameters in our model as follows: The utility "a" constitutes 5 EUR for each movie bought and the stochastic component "z" causes fluctuation of the expected benefit by 10% previous to consumption. After the consumption of the product the random component is removed and the true consumer surplus is calculated. In addition, the utility per consumed movie decreases in a linear manner. In this regard, we assume a decline of 0.10 EUR.
The search costs "s j " for the product "j" are normally distributed on the Hotelling line according to the formula where "d" determines the difference in search costs between niches and blockbusters and "b" yields the minimum height for the search costs. We calibrate our model for a basic scenario: In a first step we calculate sales concentration of the VoD data based on the Pareto principle, which is often referred to as the 80/20 rule. This rule states that only a small proportion of products (top 20%) generates the majority of the total sales (80%). This relationship has first been observed by Pareto in distributions of wealth in societies. In recent decades, this relationship has been found for example in population distributions of cities and also in sales distributions (Brynjolfsson et al. 2007, pp. 17-21) . Following the 80/20 rule, often the share of the best selling 20% of the products in total sales is used as a concentration measure of demand. We follow this approach and determine the share of the most purchased 20% of the products in total sales. The model's parameters are defined in a way that the concentration of sales according to our model best matches those of the real data. The parameters d = 0.40 EUR and b = 0.10 EUR are set so that a consumer has to spend about 0.50 EUR finding niche products (products which are located from 0 to about 0.3 and about 0.7 to 1 on the Hotelling line), while they only have to spend 0.10 EUR for searching blockbusters. We derived these values from an experiment on the platform of the VoD provider (see Appendix). The parameters μ and σ are set to μ = 0.5 and σ = 0.08 so that around 20% of the products on the Hotelling line have lower search costs than the remaining movies. Fig. 6 shows the distribution of search costs on the Hotelling line. Subsequently, the search cost are manipulated in comparison to the presented basic scenario as follows:
In scenario 1, we consider the introduction or improvement of search systems (e.g. in the form of search filters). In this case search costs decrease equally across all products by 10% compared to the basic scenario.
Scenario 2 examines the introduction or improvement of recommendation systems that favor the finding of niche products. Thus, the distribution of Fig. 6 will be more flat, while the absolute level of search costs does not change. To represent this scenario the standard deviation of the normal distribution is increased by 10% to 0.088.
Scenario 3 finally describes the introduction or increased use of search technology which particularly supports the sale of blockbusters (e.g. in the form of hit lists). In this scenario, we decrease search costs of the top 100 movies by 10%, while search costs of all other movies remain the same.
In scenario 4 all improvements are introduced simultaneously. Table 2 summarizes the scenarios.
Results
We first consider the most important figures for the basic scenario. In this case, the 20% of the best selling products averagely make up 80.28% of the total sales, which almost exactly corresponds to the Pareto-or 80/20-rule. The validity of the Pareto rule can also be observed in the available sales data. Table 3 clearly shows that the first two scenarios reduce sales concentration measured as the share of top 20% products in total sales. The results are tested for significance with an ANOVA (pairwise) -all changes are highly significant. The concentration decreases in scenario 1 and 2 so that blockbusters loose in relative importance. This trend has also been observed by Brynjolfsson et al. (2007, pp. 17-21) who found that sales concentration in online sales channels is lower compared to offline sales channels and can be significantly different from the 80/20 rule. The authors show that online the top 27.7% products are necessary to generate 80% of total sales, whereas offline the top 20.1% products contribute 80% to total sales. Also Oestreicher-Singer and Sundararajan (2006, pp. 5-12) show that sales distributions in the Internet do not follow the 80/20 rule as the top 20% of the products achieve less than 80% of total sales. In scenario 3 where search costs for blockbusters are further reduced by hit lists, sales concentration increases significantly and niches relatively loose in importance as expected. Using a combination of different systems, the concentration only marginally changes in scenario 4. The different effects of the search and recommendation systems even out.
In addition to this concentration measure which reflects the relative importance, we also examine the change in consumer surplus, profit, and welfare, which leads to the results illustrated in Table 4 . It becomes clear that all systems increase the company's profits. If one considers only the separate introduction of search technologies in scenario 1 to 3, it becomes clear that the company would benefit the most from a general reduction in search costs. The introduction of a search system can increase the profit by up to 2.08%. This is not surprising as in scenario 1 the search costs of all products have been reduced, while in scenario 2 and 3 only a part of the overall range of products is affected from the reduction in search costs. The simultaneous introduction of all considered search and recommendation systems increases the profit by 2.80%. Interestingly, the increase in consumer surplus is greater than that of the profit. This means that search technology mainly improves the utility of consumers, which should indirectly lead to higher customer satisfaction and customer loyalty. All results are significant at the 1% level. The combination of all systems leads to an almost perfectly additive gain in utility for all market participants. Interaction effects therefore do not play a role.
Based on the results of the simulation we can also determine the utility in monetary terms that can be achieved through the introduction of improved search technology for the considered VoD provider: based on the sales during the observation period (>1,000,000) a reduction of search costs by 10% (scenario 1) would generate an additional contribution margin of 29,677.88 EUR for the company. At the same time, consumers would -assuming a willingness to pay of 5 EUR -achieve an additional consumer surplus of 51,164.13 EUR, which can be a strategic competitive advantage for the provider. The company can also use these figures to estimate the maximum of reasonable investments in improved search technology.
Considering the changes in sales in detail, it is striking that both search systems and recommendation systems shift the demand to the niches, thus blockbusters lose in importance in absolute terms. Conversely, hit lists and unpersonalized advertising lead to the fact that sales in the niches decrease and blockbusters gain in importance in absolute terms. The use of all systems increases the sales of both, blockbusters and niche products. Table 5 illustrates this change.
These results already indicate that the decrease in search costs does not only lead to a shift in consumption, but also to additional sales. A decomposition of real additional sales and substitution is useful to be able to make more accurate statements if the margins for blockbusters and niche products are different. Table 6 shows the results of the decomposition. In the case of scenario 1, the increased sales volume in the niches results from substitution by 53%, i.e. 53% of the changed niche sales can be explained by a corresponding decrease in sales of the blockbusters. However, there are also additional sales in the amount of 47%. In scenario 2, an even higher percentage of substitution can be observed. Substitution may well be desirable if the margins are higher in the niches than for the blockbusters. If both margins are equal, the provider can only benefit from the additional sales, which make up nearly 5% in scenario 2. In scenario 3 we can
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The Internet and related technologies have vastly expanded the variety of products that can be profitably promoted and sold by online retailers. Furthermore, search and recommendation tools reduce consumers' search costs in the Internet and enable them to extend their search from a few easily found best-selling products (blockbusters) to a large number of less frequently selling items (niches). As a result, Long Tail sales distribution patterns emerge that illustrate an increasing demand in niches. We show in this article how different classes of search and recommendation tools affect the distribution of sales across products, total sales, and consumer surplus. We hereby use an agent-based simulation which is calibrated based on real purchase data of a video-on-demand retailer. We find that a decrease in search costs through improved search technology can either shift demand from blockbusters to niches (search filters and recommendation systems) or from niches to blockbusters (charts and top lists). We break down demand changes into substitution and additional consumption and show that search and recommendation technologies can lead to substantial profit increases for retailers. We also illustrate that decreasing search costs through search and recommendation technologies always lead to an increase in consumer surplus, suggesting that retailers can use these technologies as competitive advantage.
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Long tail phenomenon, Search costs, Search and recommendation systems, Electronic commerce observe that the niche products are replaced by the blockbusters. The additional sales of the blockbusters can be attributed to an appropriate substitution of niches products in 59.5% of all cases. However, over 40% of the variation is made up by pure additional sales. This ultimately explains why advertising for blockbusters may be useful. Blockbusters address the preferences of many consumers so that a reduction in search costs leads to significant additional sales. As there are additional sales of blockbusters and niche products in scenario 4, a decomposition is not possible.
Given our results it can be recommended to the considered companies to first introduce an improved search function, for example by (additional) search filters, and the introduction of a top 100 list. These two features can be implemented very easily and should contribute to an increase in sales. The decision for or against the introduction of a recommendation system must be made in detail. Our results do not consider any differences in margins. If niche products earn a higher profit margin, the introduction of a recommendation system could achieve not only additional profits through additional consumption but also through substitution. According to the results a combination of all systems leads to a nearly additive gain in utility. Positive synergy effects cannot be observed. However, there are also no negative interactions between the systems. This could also explain why Amazon uses a large number of systems simultaneously.
Conclusion and Outlook
In this paper we first presented several sales support systems and classified them according to their influence on the product-specific search costs. Three categories result: search systems reduce the search costs of all products, while recommendation systems mainly reduce search costs for the niche products. Hit lists and unpersonalized advertising focus on the bestselling products and reduce their search costs. The latter, however, are rather untypical for most of the online providers. Companies often try to particularly stimulate niche demands by search and recommendation systems to serve the heterogeneous preferences of consumers as well as possible.
We presented the effects of various search and recommendation systems on the sales volume and the sales distribution and illustrated the two basic implications of search and recommendation systems: changes in sales may be based on actual additional sales, leading to a rise in sales and in the case of positive margins to a profit increase for the provider. Apart from additional consumption, search and recommendation systems may also trigger substitution effects by only shifting sales and not generating additional demand. In reality we can always observe both consequences for not fully saturated markets, as evidenced by the results of our simulation. Substitution may even have negative consequences on the profit of the provider if high-margin products are substituted by products with lower gross margin. Possibly even positive earning effects of simultaneous additional sales can be overcompensated, resulting in an overall negative effect. Conversely, providers can also take advantage of different margins and support substitution consistently. Sales support systems can thus be an important tool for customer control and profit optimization. If for example the margins are higher in the niches, the company will benefit from the use of recommendation systems not only for direct additional sales, but also for substitution of the blockbusters with niche products.
Furthermore, in addition to a direct increase in profit these systems always lead to a higher consumer surplus, which is often even higher than the increase in profits. For this reason, decreasing search costs can also be a strategic competitive advantage for the company to differentiate itself from its competitors. As the study by Ghose and Gu (2007) shows, Amazon uses this option consistently as Amazon's systems ensure that a customer can find products comparatively faster than with the competitor Barnes & Noble. The introduction of several search technologies is highly recommended. The results of our study show that largely additive effects on sales, profit, and consumer surplus arise.
The results of our study are not limited to our object of analysis. In particular, the effects of search and recommendation systems on the sales distribution between blockbusters and niches as well as the consumer surplus should also be valid over and above the VoD market. The results regarding the decomposition of the changes in sales into additional consumption and substitution as well as calculated potential profits are dependent on the present market demand structure (saturated vs. unsaturated) and should be determined from case to case under consideration of different margins for products.
Particularly interesting for future research projects is the question of whether the effects of search and recommendation systems differ across product categories. Search costs for consumers do not only consist of costs resulting from the actual search effort, but also from processing information based on which users assess the product's quality and its conformity with their preferences (Bakos 1997 (Bakos , p. 1678 . The evaluation of experience goods (such as movies, music, or books) is associated to a particularly high level of uncertainty. The quality and consistency of individual preferences can only be determined after the purchase. Just a small number of product characteristics can be assessed objectively (such as e.g. the computing power for PCs) to draw conclusions about the quality and the correspondence to individual preferences (Eliashberg et al. 2000, p. 227) . It is therefore likely that search and recommendation systems have particular influence on the sales of experience goods as the relatively high evaluation costs due to high uncertainty prior to purchase can (as a part of search costs) be decreased more than in other product categories, such as hardware, where products are marked by objective and, therefore, objectively assessed properties.
We believe that the potential of sales support systems and the reduction of search costs are not yet fully exploited by all companies. For business and information systems engineering the opportunity arises to develop new algorithms and systems that continuously promote this development to achieve benefits for both, companies and consumers.
To determine the search effort on the VoD platform, we acquired 31 subjects who were supposed to choose a product of preference from the blockbuster category as well as from the niches. We systematically varied sequencing to exclude order effects. We measured the time required for the search. As expected, the test persons needed significantly more time to find a niche product than blockbusters. For the simulation study we draw on the subjects' self-reported ratio of blockbuster search to niche search, which indicated that the search for niche products takes about 5 times as long as the search for blockbusters. Measured ratio of blockbuster search to niche search without using the search function: 1:7.62 (mean); 1:3.8 (median)
Tab
Self-reported ratio of blockbuster search to niche search without using the search function (after the experiment): 1:5 (mean and median)
Other findings: The VoD platform was almost entirely unknown (1: completely unknown, 7: very good) Older people require more time on average for searching blockbusters (1.3 seconds per year) than younger people (p<0.01) Men require 28 seconds more on average for searching blockbusters than women (p <0.02) No significant differences in niche search regarding search time Older people have a higher willingness-to-pay for blockbusters (+5 cents per year, p <0.01) Women have a lower willingness-to-pay for blockbuster (-1.38 EUR, p <0.01) and for niche products (-0.78 EUR, p <0.05) Variation of the sequence has no detectable effect on blockbuster/ niche search (p> 0.35) The willingness-to-pay for blockbusters and for niche products correlates (r = 0.56, p <0.01) No significant differences regarding the willingness-to-pay and preferences between blockbusters and niches (p> 0.4) Recommendation systems would be seen useful for this platform (mean: 5.29 on the 7-point Likert scale). Recommendation systems are perceived as particularly useful if the products of the platform are favored, i. e. by the Hot Prospects (p <0.01)
